Abstract -Interspecific differences in morphology, biomass allocation and phenotypic plasticity along an experimental irradiance gradient and two contrasting water regimes were studied for eight Mediterranean woody species at the seedling stage; a critical demographic stage in Mediterranean plant communities. We tested whether species variation in these traits can explain previously reported interspecific differences in performance under shade and drought. Four irradiance levels (1%, 6%, 20% and 100% of full sunlight) and two water regimes (well watered and water-stressed conditions) in 6% and 100% irradiance levels were established. Quercus species exhibited the largest seeds, the highest total dry mass and also the highest root-shoot ratio, but their leaf mass fraction (LMF) and leaf area ratio (LAR) were low. Pistacia terebinthus, and Arbutus unedo exhibited the opposite traits. From those traits that correlated with seed size only LAR resulted significantly linked to survival in deep shade. None of the traits studied correlated with survival under water-stressed conditions. Overall phenotypic plasticity was negatively correlated with survival in deep shade but no correlation was found with survival under water-stressed conditions. Our results highlight the importance of low LAR and low phenotypic plasticity as potential determinants of enhanced performance under shade during the very early seedling stages of Mediterranean woody species. Low LAR was also positively correlated with seed size and consequently, its relationship with enhanced performance under shade might change at later life stages of the plant when seed reserves are no longer available.
INTRODUCTION
The development of a mechanistic plant ecology must be based on the identification of key mechanisms that summarize most of the complexity associated with more detailed explanations [40] . The identification of key functional traits related morphological and physiological compromises that restrict the competitive success of the species under different ecological conditions [19, 32] . In the case of Mediterranean forests, where the co-occurrence of both light and water limitations are possible [3] plant ecological strategies and coexistence mechanisms may be largely explained by compromises associated to tolerance to drought, shade and recurrent disturbances [52, 53] .
The study of traits related to shade tolerance and drought tolerance has received special attention since hypothesized interactive effects between shade and drought have important implications for the development of a mechanistic plant community ecology (see [33] for a revision). For example, interactive effects between shade and drought can result in a trade-off between shade and drought tolerance with shade tolerant species being more vulnerable to drought than lightdemanding species [10, 37] . Following this idea shade tolerant species may be selected for a strong allocation to shoot at the expense of root allocation resulting in plants with efficient irradiance capture but more sensitive to drought [37] . Alternatively, several studies in tropical and cool-temperate seedlings suggest that shade tolerance may be associated with a conservative resource-use strategy [24, 31, 47, 48] rather than with a strategy of maximisation of the net rate of carbon gain under shade [15, 37] . Accordingly, shade tolerance might be associated with traits such as low LAR, low SLA and in general with high allocation to below ground tissues. That suite of traits implies low leaf allocation and high storage allocation which in turn, has been linked to persistence during periods of non-positive carbon uptake balance [34] as occurs under shade. Also, that suite of traits may confer tolerance to drought through decreasing evaporating surface and increasing water uptake from the soil [26] . Thus, traits conferring shade and drought tolerance simultaneously might be possible within a conservative resource-use strategy [34] .
Phenotypic plasticity is also a trait expected to influence shade and drought tolerance since the ability of changing the phenotype in response to the environment is a mechanism used by plants to optimize resource acquisition [38, 49] . However the role that phenotypic plasticity plays on shade or drought tolerance remains unclear.
In a previous study we reported the existence of potential trade-offs in the response to irradiance and water availability for eight Mediterranean woody species, at the regeneration stage based on interspecific differences in survival and growth [36] . Specifically we found evidence for a trade-off between survival in the shade and relative growth rate (RGR) at high light, but no evidence for a trade-off between shade and drought tolerances. In this study, based on the same experiment, we aim to describe species-specific differences in biomass allocation, morphology and phenotypic plasticity as potential mechanisms underlying the interspecific differences found in seedlings' performance under shade and drought for these Mediterranean woody species. Our experiment targeted the very early species differences that may arise during the seedling stage. Specifically our objectives are based on the following hypotheses: (1) Species with enhanced performance under shade exhibit big seeds which, in turn, will produce seedlings with low leaf area ratio (LAR, defined as the ratio between leaf area and shoot dry weight), low specific leaf area (SLA, defined as the ratio between leaf area and leaf dry weight) and high allocation to above ground tissues rather than below ground tissues in agreement with a conservative resource-use strategy [31] . (2) Species with enhanced performance under drought will exhibit low SLA, low LAR, and in general, high allocation to below ground tissues rather than above ground tissues that contribute to decrease seedling evaporative demand [26] . (3) A low phenotypic plasticity may be linked to enhanced performance under shade and drought in agreement with the stress-tolerator syndrome [9, 18] and a conservative resource-use strategy [43] .
MATERIALS AND METHODS

Species description
We selected seven woody species (Arbutus unedo L., Pistacia lentiscus L., Pistacia terebinthus L., Quercus coccifera L., Quercus faginea Lam., Quercus ilex subsp. ballota (Desf.) Samp. and Viburnum tinus L.) which are typical components of Mediterranean shrublands and forests. We also chose one cool-temperate species (Quercus robur L.) as an out-group species, which coexists with many of the above mentioned species at its southern distribution in many Mediterranean areas such as the Iberian Peninsula. The target species differ widely in seed size. For example, average seed size values for these species in the Iberian Peninsula are 3.636, 2.703, 2.667, 2.941, 0.023, 0.063, 0.002 and 0.065 for Q. robur, Q. faginea, Q. ilex, Q. coccifera, P. lentiscus, P. terebinthus, A. unedo and V. tinus respectively [8] . The studied species also differ in leaf habit (Q. robur and P. terebinthus, deciduous, Q. faginea semi-deciduous, and Q. ilex, Q. coccifera, P. lentiscus, Arbutus unedo and Viburnum tinus evergreen). Species' performance under shade was studied in a previous paper [36] by means of their survivorship under deep shade (1% of full sunlight). The species ranking for survival under deep shade was: (Q. robur = Q. coccifera) > Q. faginea Q. ilex P. lentiscus V. tinus > (P. terebinthus = A. unedo). This ranking correlated significantly and positively with seed size [36] . Species' performance under drought was assessed by means of their survivorship in 100% of full sunlight × water-stressed treatment in this previous paper. The ranking for species' performance under drought was: (A. unedo = V. tinus) > P. lentiscus Q. robur (Q. coccifera = Q. faginea = Q. ilex) > P. terebinthus. This ranking was not correlated with seed size [36] .
Seed collection and germination
Seeds were collected from characteristic Iberian localities in autumn 2001: Q. robur from south east Galicia, Q. faginea from Torrelaguna, Madrid, Q. ilex subsp ballota from Sierra Morena, Jaén, Q. coccifera from Cádiz, Pistacia lentiscus from Valencia, P. terebinthus from northern Andalucía, Arbutus unedo from Ávila and Viburnum tinus from Moratalla, Murcia. Seedlings were germinated from January to March 2002. In general, germination within in a species occurred at the same time (± 5 days). Those seedlings that did not germinated within this time window were excluded from the experiment to minimize size effect at the beginning of the experiment. The rest of the seedlings were transplanted to forest multi-pot (330 cm 3 each pot) containers and were grown from early-spring to 
Description of the study site and experimental design
The experiment was carried out at a commercial nursery (Viveros Barbol, Torremocha del Jarama, Madrid, Spain). The area was located at 40
• 50' N, 3
• 29' W and at 710 m a.s.l. Climate is continental Mediterranean with hot and dry summers and cold winters. Mean maximum and minimum temperature were 19.7
• C and 9.9
• C respectively. Most annual rainfall (372 mm) is received during spring and fall (76-102 mm respectively, values are mean for the last 25 years [22] . Local air temperature and available photosynthetic photon flux density (PPFD) were registered every 5 min during the whole growing season with a data logger (HOBO model H08-006-04, Onset, Pocasset, MA, USA) and external sensors cross-calibrated with a Li-Cor 190SA sensor (Li-Cor, Nebraska, USA). Mean daily PPFD over the summer was 41 moles m 2 day −1 referred to as full sunlight thereafter.
The experimental setting was based on a factorial design with two factors: irradiance availability, and species. Four irradiance levels (1, 6, 20 and 100% of sunlight) were established by using layers of neutral shade cloth supported by metal frames. Air mean temperature during the experiment was similar (± 1
• C) across different irradiance environments. The established irradiance gradient spans over the natural range of light availability found in Iberian forest understories, 20% being the most common shade under Mediterranean forest canopies and 6% of full sunlight being relatively frequent in humid and sub-humid temperate forests [16, 41] . Levels around 1% of full sunlight represent really dark understories, which have been reported for Mediterranean forests [17] .
Water availability was also included in the design of the experiment to test for the impact of drought on seedlings' responses in two of the four irradiance levels (i.e. 6% and 100% of sunlight). One hundred percent of sunlight level was chosen to induce the strongest drought effect as water shortage coupled with high irradiance intensity. Six percent of sunlight level was chosen to test the impact of drought in a deep but still relatively common shade level. We did not choose 1% of sunlight level not only because its rareness in Mediterranean environments but also because at extremely low irradiance levels, soil resource availability (water and nutrients) may only have a marginal impact in comparison to the impact exerted by the low irradiance level, particularly in shoot growth [5] . Twenty percent of sunlight level was not chosen either because for many species it is known not to be limiting but near to optimal light conditions [35, 36] . Two watering levels (well watered and water-stressed levels) were established. Half of seedlings in each irradiance level were grown under well watered conditions and the other half were grown under waterstressed conditions. The irrigation system consisted of watering by sprinklers. The highest light levels were more frequently and more intensively watered than the lowest light levels to compensate for increasing evapotranspiration under increasing irradiance. We monitored soil volumetric water content (SVC) six times along the growing season for a sub-sample within all the treatments (ca. n = 40 for well watered treatments and n = 22 for water-stressed treatments) and we registered the minimum value reached for each individual (i.e. measurements were taken prior to watering to describe minimum values between two watering events). SVC was recorded with a portable moisture measurement instrument based on TDR method, TRIME-FM (Imko micromodultechnik GMBH, Ettlingen, Germany), connected to a P2 probe. SVC values recorded for the two contrasting soil water regimes were 26.7±0.5 and 7.3±0.5 for well watered and waterstressed treatments respectively (mean and 95% confidence intervals for SVC, %vol, are provided). These SVC values corresponded to −0.0 MPa and −2.2 MPa in terms of soil water potential for well watered and water-stressed treatments respectively (calculated using the filter-paper technique) [14] . A value of −2.2 MPa for soil water potential can be considered as a moderate to severe drought since shoot water potential at the turgor loss point for Q. faginea, Q. ilex and Q. coccifera are near −3 MPa [7] .
A total of 64-88 healthy seedlings per irradiance level and species were used for the experiment. Seedlings were arranged along four blocks. These blocks were randomly distributed within each shade frame corresponding to each irradiance level. Two extra blocks of 22 seedlings per species were placed in the 6 and 100% of sunlight levels for the water-stressed treatments.
The experiment started in mid-June 2002 when all the seedlings were placed in their treatments and finished in mid-October 2002 with seedlings' harvest when seedlings were eight months old. Seedlings were sprayed with a fungicide solution (50% Carbendazyme, Fungicida Polivalente, COMPO Agricultura SL, Barcelona, Spain) twice during the experiment in order to control fungal infections.
Morphology and biomass allocation measurements
After four months of growth in their respective irradiance × water availability treatments, a sample of 15-18 seedlings for each irradiance × water availability combination was harvested and fractioned into leaves, stems, and roots. Dry mass of each fraction was weighted (after a minimum of 3 days in an oven at 65 ± 2
• C) to estimate the following morphological and structural variables: total dry biomass (g), root-shoot ratio (g g −1 ), leaf mass fraction (LMF, kg kg −1 ), root mass fraction (RMF, kg kg −1 ), and stem mass fraction (SMF, kg kg −1 ). A sub-sample of 5-8 seedlings for each irradiance × water availability combination was taken for total leaf area (cm 2 ) assessment. All the leaves of each seedling were digitally scanned and leaf area was calculated with UTHSCSA Image Tool for windows v. 2.00 (University of Texas Heath Science Centre in San Antonio, USA). Also specific leaf area (SLA, m 2 kg −1 ) and leaf area ratio (LAR, m 2 kg −1 ) were estimated.
Phenotypic plasticity and data analysis
Both phenotypic plasticity in response to irradiance and phenotypic plasticity in response to water availability for every trait and all the traits together (overall plasticity) were estimated by means of the RDPI S as defined by [45] . We estimated phenotypic plasticity in response to irradiance for the subset of seedlings submitted to well watered conditions and phenotypic plasticity in response to water availability for the subset of seedlings submitted to non-limiting irradiance (i.e. 100% of full sunlight). Differences in morphology and biomass allocation patterns across factors (species, irradiance and water availability) were analysed with ANOVA. Fisher LSD-test was used for post-hoc analysis. In a similar way differences in plasticity in response to irradiance and in response to water availability across species were analysed with ANOVA. Prior to ANOVA analysis, data were checked for normality and homogeneity of variances, and were log-transformed when necessary to correct deviations from these assumptions [50] . Spearman rank correlations were used to test for specific relations among performance under shade or drought and the traits studied here (phenotypic plasticity included). Performance under shade and drought were estimated as survival in 1% irradiance level under well watered conditions and survival in 100% irradiance level under water-stressed conditions respectively (obtained from survival data in the same experiment analysed in a previous study [36] . All the statistical analysis was performed using STATISTICA v. 6.0 (Statsoft Inc., Tulsa, OK, USA).
RESULTS
Species-specific differences across the irradiance gradient
Total dry mass decreased with decreasing irradiance for all the species but V. tinus. The species ranking in total dry mass was Q. robur > Q. ilex > Q. coccifera > Q. faginea > (P. lentiscus = A. unedo = P. terebinthus) > V. tinus. This ranking did not change substantially across the irradiance gradient (but see Supplementary Tab. 1 for details, available on the journal web site at http://www.afs-journal.org/).
Irradiance had a significant effect on total leaf area for Q. faginea, P. lentiscus, P. terebinthus and A. unedo but had no effect for the rest of Quercus species and V. tinus. The total leaf area ranking changed from deep shade (i.e. 1% irradiance level) to high light (i.e. 100% irradiance level), so that Quercus species exhibited the highest total leaf area in deep shade Irradiance had a significant effect on LAR for all the species studied but Q. faginea and V. tinus. In general, increasing irradiance decreased LAR (Supplementary Tab. 1). In deep shade, A. unedo, Pistacia species and V. tinus had higher LAR than Quercus species. A similar pattern was found in high light (Supplementary Tab. 1).
Root-shoot ratio decreased with increasing shade for Q. robur, Q. ilex, Q. coccifera and P. lentiscus species but this effect was not significant for the rest of species. Q. faginea was the species with the highest root-shoot ratio values in most of the irradiance levels studied (Supplementary Tab. 1).
Irradiance had a significant effect on LMF for all the species but Q. faginea, P. terebinthus and A. unedo. In general, LMF decreased with increasing irradiance. However, V. tinus experienced the lowest LMF in deep shade. Quercus species exhibited the lowest LMF in both deep shade and high light but differences among species were clearer in high light (Supplementary Tab. 1). The ranking of species in high light was: A general biomass allocation pattern was identified regardless of the water treatment. This pattern was that Q. faginea and Q. robur had the highest RMF and the lowest LMF followed in RMF decreasing order by Q. coccifera, Q. ilex, P. terebinthus, V. tinus, P. lentiscus and A. unedo. The last three species were those that exhibited the highest LMF regardless of the irradiance × water combination (see Fig. 1 and Supplementary Tab. 1). LAR resulted significantly and negatively correlated with enhanced performance under shade (Fig. 2) .
Impact of drought and species-specific differences
The impact of drought was stronger in 100% than in 6% of full sunlight, impacting on more species in the former (Supplementary Tab. 2, available on the journal web site at http://www.afs-journal.org/). The ranking of species for the studied variables exhibited minor changes between well watered and water-stressed conditions (Supplementary Tab. 2).
In 6% of full sunlight, drought decreased total dry mass for Q. robur. Drought had no impact though on total leaf area in this irradiance level. In 6% of full sunlight, SLA values were decreased by drought for Q. faginea but not drought effect was found for the rest of species. The effect on LAR was again slight, increasing the LAR values only for Q. robur and A. unedo. Drought had no impact on root-shoot ratio for any of the species in 6% of full sunlight. Drought increased the LMF and decreased the SMF for A. unedo. It decreased the RMF and increased the SMF for Q. robur. Drought also increased the SMF for Q. coccifera in this irradiance level (Supplementary Tab. 2).
In 100% of full sunlight, drought decreased the total dry mass for all the species but V. tinus. It decreased the total leaf area for Q. faginea and P. lentiscus. However, it had still little impact on SLA and LAR, increasing the SLA for Q. robur and the LAR for Q. ilex. Drought decreased the root-shoot ration for Q. robur, Q. ilex, Q. coccifera and A. unedo. It decreased LMF for Q. ilex and A. unedo but increased it for V. tinus. Drought decreased RMF for Q. robur, Q. ilex, Q. coccifera and A. unedo exerting no effect on the other species. Drought also increased SMF for Q. robur and Q. coccifera (Supplementary Tab. 2).
None of the traits studied were significantly correlated with seedlings' performance under drought, only total dry mass exhibited a trend towards the higher the total dry mass the lower performance under drought (Spearman R = −0.690, p = 0.057, Fig. 3 ). Seed size correlated significantly and positively with absolute growth, root-shoot ratio, and RMF while negatively with LAR, and LMF (Spearman rank correlation, p < 0.05) for both 1% of full sunlight × well watered treatment and 100% of full sunlight × water-stressed treatment.
Discussion of species-specific traits that may confer enhanced performance under drought will be based on results from 100% of full sunlight × water-stressed treatment given both that the impact of drought was stronger in 100% than in 6% of full sunlight and that identification of particular traits involved in enhanced performance under drought should be done under non-limiting conditions for all resources but water.
Phenotypic plasticity
Species significantly differed in phenotypic plasticity in response to irradiance for all the variables studied but root-shoot ratio. They also differed in overall plasticity in response to both irradiance and water availability (Supplementary Tab. 1). The ranking of species for phenotypic plasticity in response to irradiance changed with the variable considered. In general, Pistacia species exhibited the highest phenotypic plasticity for overall plasticity in response to irradiance, while Quercus species experienced higher phenotypic plasticity than Pistacia species, A. unedo and V. tinus for overall plasticity in response to water availability (Supplementary Tab. 1). Overall plasticity in response to irradiance was higher than overall plasticity in response to water availability for all the species. However, this result was not significant for Q. robur, Q. ilex and Q. coccifera (Supplementary Tab. 1). A negative relationship was found between overall phenotypic plasticity in response to irradiance and enhanced performance under shade (Spearman R = −0.465, p = 0.007). However no relationship was found between overall phenotypic plasticity in response to water availability and enhanced performance under drought (Spearman R = −0.361, p = 0.379).
DISCUSSION
Traits associated with enhanced performance under shade and drought
Species-specific differences in biomass allocation patterns and morphology are thought to underlie across-species variation in shade tolerance [31] but also in drought tolerance [26] . For instance high below-ground mass fractions or low SLA can reduce the demand for water or, in general, for growth resources [34] . In our study, Quercus species exhibited higher total dry mass and lower LAR values than the rest of species across all the irradiance and water treatments. Quercus species and V. tinus also exhibited the highest root-shoot ratio values in deep shade that agreed with high RMF and low LMF. Pistacia species and A. unedo exhibited the opposite pattern (i.e. low root-shoot ratio and RMF but high LMF). These interspecific differences in the studied suite of traits appeared to be linked in turn to interspecific differences in seed size. Significant evidence was found for linkage between seed size, LAR, rootshoot ratio, RMF and LMF. From those traits which correlated with seed size, only LAR was significantly correlated with enhanced performance under shade. Thus, LAR was the only trait that explained the well accepted linkage between seed size and enhanced performance under shade [20, 21] . Low LAR values exhibited by species with enhanced performance under shade also agrees with evidence from previous studies which suggest a conservative resource-use strategy underlying shade tolerance [35, 47, 48] . A low LAR implies low leaf allocation and high storage allocation (i.e. structural biomass: stem and thick roots) which has been linked to persistence during periods of non-positive carbon uptake balance (i.e. in the shade) [34] .
SLA is an important trait that can explain interspecific differences in seedlings' performance. In particular, SLA is frequently found to be the trait that better explains interspecific differences in seedlings' RGR [2, 13, 30] . However, this trait was not linked to enhanced performance under shade in this study. The same has been found in a field experiment for saplings of rain forest tree species [29] . Shade tolerant species do not necessarily grow faster than intolerant species under low irradiance [24, 25] , but rather they survive better under such conditions. Thus, we hypothesize that traits directly linked to RGR as SLA, are not good predictors of seedlings' performance under shade at least during the very early stages.
Drought tolerance can be achieved by increasing the below ground biomass allocation and by decreasing the shoot evaporating surface [26] . Under drought, Quercus species exhibited higher RMF and lower LMF and LAR than the rest of species, and also a higher total dry mass, which has been linked also to drought tolerance [11] . However, these species did not exhibit the best performance under drought in or study. In turn, V. tinus and A. unedo, which exhibited the lowest total dry mass under drought, had relatively higher performance under these conditions. This counter-intuitive result could be explained by phylogenetic constraints on allometry and allocation patterns with species with poor performance under drought exhibiting inherent patterns of high allocation to roots Spearman correlations between survival in 100% of full sunlight under water-stressed conditions and different variables studied. Total leaf area and root mass fraction (RMF) were excluded to avoid redundancy with absolute growth and root/shoot ratio respectively, variables which they were correlated with. and low allocation to leaf area. Morphological traits might be more influenced by phylogeny and thus less flexible in their response to drought than physiological traits [44] , particularly at the seedling stage. Another explanation might be that even though a large seedlings may offer some advantages under drought [12] , a large size also implies high total leaf area in absolute terms. This may contribute to a stronger evaporative demand than smaller seedlings, rapid depletion of soil water content and consequently a lower survival rates under drought [4, 51] . In addition, P. terebinthus which exhibited the lowest performance under drought, had low total dry mass plus high LMF which together results in a water inefficient allocation pattern.
The role of phenotypic plasticity
Optimal foraging theory for essential resources predicts that a plant should modulate its morphology and adjust its physiology in order to be equally limited by all essential resources [39] . Given a genotype, phenotypic plasticity is the feature that permits such modulations and adjustments. Thus not only the intrinsic suite of traits of species but also its phenotypic plasticity in response to irradiance and water availability may contribute to explain interspecific differences in seedlings' performance under drought or shade. Our results partially support such an idea since phenotypic plasticity in response to irradiance was negatively linked to enhanced performances under shade in agreement with the stress-tolerator syndrome [9, 18] and a conservative resource-use strategy [43] . However, phenotypic plasticity in response to water availability was not linked to enhanced performance under drought. Although species differed in phenotypic plasticity, they exhibited lower values and a much narrower range of values when compared with tropical species (0.3-0.4 and 0.3-0.7 for the species studied here and species studied in [46] respectively using the same phenotypic plasticity index for comparisons). Given the high unpredictability of irradiance, water and nutrient availability in Mediterranean communities, Mediterranean woody species might have converged to a low degree of phenotypic plasticity and high canalization (sensu [23] as an adaptive process [42] . Despite the relatively low phenotypic plasticity of Mediterranean woody species, across-species variation in phenotypic plasticity still correlated with interspecific differences in seedlings' performance under drought.
The species rankings for the values of the studied traits under drought did not change substantially with respect to the rankings exhibited under well watered conditions and neither did the biomass allocation patterns (Supplementary Tab. 2 and Fig. 1) . Both, the low plasticity exhibited by all the species in response to water availability and the lack of relationship between phenotypic plasticity and performance under drought suggest that the traits exhibited under drought may depend more on intrinsic species features than in species capability to modulation of these characteristics. Thus, our results suggest that for Mediterranean woody species, seedlings' performance under shade but not under drought is linked to interspecific differences in phenotypic plasticity.
Concluding remarks
Our results highlight the role of key traits such as LAR and phenotypic plasticity as potential determinants of interspecific differences in seedlings' performance under shade in woody Mediterranean seedlings. Contrary to some previous studies, performance under shade was maximized by an increased allocation to storage and not to leaves. In agreement with the stress tolerance syndrome, not only an increased allocation to storage but also a reduced phenotypic plasticity conferred enhanced seedling' performance under limiting conditions, at least regarding light availability. However, studies with seedlings have obvious limitations. Species allocation patterns change with ontogeny but also the way plants respond to light in early stages depends on the rate of ontogenetic change [27] . Although germination and seedling establishment are major demographic bottlenecks in Mediterranean ecosystems, further studies on saplings, juveniles and adults are required to get a better understanding of the mechanisms underlying interspecific differences in performance along environmental gradients. Our study has focused on an ecologically crucial life stage of woody plants in Mediterranean ecosystems and consequently conclusions derived from our results have a number of limitations: (i) changes over the ontogeny regarding tolerance to shade and drought, plasticity and functional traits may lead to contrasting findings with the very same species studied at later life stages; (ii) the confounding effect of seed size and plant size on performance and under gradients of irradiance and water restricts our findings to a particular ecological setting (i.e. interspecific differences seedlings' performance during the first year) with reduced mechanistic insights on traits conferring shade and drought tolerances for other ecological settings. Table I . Mean and standard error for the variables studied across the four levels of irradiance considered (1, 6, 20 and 100%) and for each species (Q. robur: Qr; Q. faginea: Qf; Q. ilex: Qi; Q. coccifera: Qc; P. lentiscus: Pl; P. terebinthus: Pt; A. unedo: Au; V. tinus: Vt). First letter code indicates differences between irradiance levels and the second (between braquets) indicates differences among species, one-way ANOVA, Fisher LSD-test, p < 0.05. ANOVA analysis were performed with the log-transformed variables. A total of 15-18 seedlings per species and irradiance level combination were considered for all the variables but total leaf area, SLA, and LAR. For the latter n = 5-8. The star before the species code indicate overall significant irradiance effect within the species (ANOVA main effects, p < 0.05). Overall species effect was significant for all the variables × irradiance levels. 
